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1. Introduction
   The date palm (Phoenix dactylifera L., family Arecaceae) 
is famous for its delicious fruits. Due to date fruit’s 
nutritional, economic and distinct medicinal properties, it 
is a common diet source for millions of people in Middle 
East and around the world[1-3]. Three different forms of 
dates viz. (i) khalal (fresh, hard ripe, coloring stage), (ii) 
rutab (crisp to succulent or ripe stage), and (iii) tamri 
(soft pliable, full ripe stage) are used[3]. The fully ripened 
fruits are used globally and needs least processing for 
preservation[4]. They are mainly consumed as fresh (30%-
40%) or in the dried form (60%-70%) at rutab (semi-ripe) 
and tamer (fully ripe) stages with little or no processing[5,6].
   Arabian region has been using the date fruits as an 
important food item on daily basis. Date is one of the major 
fruit crops (82% of all fruits) in the Sultanate of Oman, 
covering 49% of the cultivated area. Oman ranks 9th in 
global date palm exporting countries[7]. The production of 
date fruit in Oman was 255 871 metric tons in 2010 (FAOSTAT 
2010) which was 3.7% of global date production. There 
are more than 300 date’s varieties in Oman[7]. Besides 
the exports of date fruit, it is an important part of diet in 
Oman. 
   Dates are usually taken as such or with Arabian coffee, 
milk, or yoghurt. In the processed form, they are consumed 
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as paste, syrup, pickles, jams, jellies, and are used in many 
bakery or confectionary products together with chocolate, 
coconut, honey, vinegar, and others[8]. Besides being rich 
in carotenoids, polyphenols especially phenolic acids, 
isoflavons, lignans, flavonoids, tannins, and sterols[9], it 
has been used in folk medicine for treatment of various 
infectious diseases such as atherosclerosis[10], diabetes, 
hypertension, and cancer, and as antifungal, antibacterial 
and immunomodulatory[11-14].
   Oxidative stress is one of the most common denominator 
in pathogenesis of chronic diseases and dietary antioxidants 
having positive role in control of degenerative disorders 
such as cardiovascular, neurological diseases, cancer 
and gastric ulcer[3,15]. The functional and biochemical 
properties of date fruit are very important. It is a major 
source of carbohydrates including simple sugars glucose, 
fructose and sucrose[6,16,17]. Additionally, date fruits are 
pivotal source of dietary fiber, minerals and vitamins[18]. 
Similarly, the date fruits have strong antioxidant activities 
due to its phytochemical profiles[19,20]. 
   Looking into the important nutritive values of date 
fruits, various previous studies have shown the proximate 
and biochemical analysis. The date fruits collected from 
Iran[20], Pakistan[21], Bahrain[22], Egypt[23], Kuwait[3], Saudi 
Arabia[24], and United Arab Emirates (UAE)[25] were assessed 
for the biochemical and antioxidant analysis. However, 
these studies have shown variation in biochemical and 
proximate composition in different cultivars and different 
stages of fruit development. Due to variations in the 
climatic conditions of the various cultivated varieties, the 
biochemical composition may also vary. The same trend 
was observed in various varieties of Pakistan, Saudi Arabia, 
and Iran etc. Little scientific information is available on 
the functional, biochemical and proximate analysis of 
date fruits of Sultanate of Oman. It was also hypothesized 
that difference in location might also affect the proximate 
parameter and antioxidant activities of date fruits. 
Therefore, the current study was performed to evaluate and 
compare the proximate parameters (moisture, ash, fibers, 
dry matter, crude fats, proteins, carbohydrates, nitrogen 
and energy value), antioxidant activity and sugar contents 
of various varieties of date fruits growing in Oman. To our 
knowledge, it is the first comprehensive study on various 
varieties of date fruits from Sultanate of Oman. 
2. Materials and methods
2.1. Sample collection and identification
   Twenty-two different varieties of date palm fruits were 
collected from Ad Dakhlia region, Sultanate of Oman. 
Among 22 varieties, 12 (Fardh, Helali Oman, Manhi, 
Qush Basrah, Handal, Naghal, Qushbu Maan, Qushbu 
Norenjah, Qush Balquan, Qush Jabri, Seedi, and Khasab) 
were collected from Bahla, eight (Khunaizi, Barshi, Qush 
Mamoor, Barni, Fardh, Khasab, Handal, and Azad) from 
Adam, six (Zabad, Khasab, Khalas, Naghal, Fardh, and 
Handal) from Bidbid, two (Handal and Qush Tabak) from 
Al-Hamra, one (Qush Lulu) from Manah and one (Halali 
Alhasa) from Samail. The map of the date fruits collected 
is given in Figure 1. These date palms were collected at 
predetermined time intervals (depending on pollination 
dates) throughout the date palm fruiting season.
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Figure 1. Location map of the date fruit samples collection. 
Map was digitized using ArcView (Geographical Information System software 
version 3.3; ERSI CA, USA).
2.2. Preparation of the crude extracts
   After collection, all date samples were washed with 
tap water, and the seeds were removed, dried at room 
temperature under shadow. The dried date palm fruits were 
ground into powder using a grinder (IKA, WARKE, MF 10 B, 
USA). A portion of each sample was weighed (10 g) and 100 
mL of the extracting solvents (methanol and water) were 
added. The extraction was carried out at room temperature 
for 24 h. The extracts were filtered using Whatman No. 1 
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filter paper (185 mm Ø) and supernatant were concentrated 
under reduced pressure using rotary evaporator. The 
residue of each extract was extracted again by 100 mL of the 
same extracting solvent for about 24 h at room temperature 
and left overnight in the fridge and filtered through 
Whatman filter paper (185 mm Ø). The two extracts were 
combined and evaporated by using rotary evaporator under 
vacuum at 40 °C until no more solvent can be distilled. The 
obtained amount of the extracts was weighed. The same 
procedure was used for the ethanol extract. 
2.3. Nutritional analysis 
   By using the standard methods of the Association of 
Official Analytical Chemists[26], determination of moisture, 
ash, and crude fibers (on dry basis) were carried out[27]. 
Moisture content was determined by drying samples in 
oven (WiseVen, WON-50, Korea) at 110 °C until constant 
weight was attained[26,27]. The determination of proteins 
in terms of nitrogen was done by micro Kjeldahl method 
(Buchi, KjelFlex K-360, Switzerland)[28,29]. The nitrogen 
value was converted to protein by multiplying to a factor 
of 6.25. Crude fats were determined by Soxhlet apparatus 
using n-hexane as a solvent. The ash values were obtained 
by heating samples at 550 °C in a muffle furnace (Wise 
Therm, FHP-03, Korea) for 3 h. The carbohydrate content 
was determined by subtracting the total protein, fiber, 
moisture, fat and ash content from the total dry matter. The 
crude fiber was also determined by the method described. 
The energy value estimation was done by summing the 
multiplied values for protein, fat and carbohydrate by their 
respective factors (4, 9, and 4)[27,29].
 
2.4. Antioxidant assays
   Antioxidant assays was carried out using 2, 2-diphenyl-
1-picryl hydrazyl (DPPH) spectrophotometric method 
described by Choi with some modification[30]. About 1 mL 
of 0.3 mmol/L DPPH solution in methanol was added to 2.5 
mL (mg/mL) of sample solution and was allowed to react 
for 30 min in dark at room temperature. The absorbance 
was measured at 517 nm using spectrophotometer (Bio 
Mate-5, UV-vis Double Beam Spectrophotometer, England). 
Methanol (2.5 mL) with DPPH solution (0.3 mmol/L, 1 mL) was 
used as a control. Ascorbic acid in methanol was used as 
standard and absolute methanol was used as blank. Each 
test was carried out in triplicates and percent inhibition 
was calculated using the following formula:
Percent (%) inhibition of DPPH activity=[(Acontrol-Asample)/
Acontrol]×100
   Where Acontrol is the absorbance of control and Asample is 
the absorbance of sample in the presence of the extracts or 
standards[31].
2.5. Principal component analysis of date palm varieties 
   When principal component analysis was applied on 
the basis of 12 different parameters, we observed a little 
variation between all the date palm varieties of Oman. The 
variation was seen only on first component represented 
99.56% of the total variation while the second principal 
component represented 0.25%. Despite the low variation 
among date palm varieties, these could be separated on the 
basis of cluster analysis. The cluster analysis showed two 
major clusters separating five varieties into one cluster and 
rest of the varieties into the major second cluster (Figure 
2). The second cluster further separated varieties into two 
sub-clusters which were again divided into two sub-sub-
clusters, respectively. It was interesting to note that all 
the Fardh varieties, no matter from which city they were 
collected, clustered together along with Qushbu Maan, 
which showed that their nutritional components were 
similar.
Figure 2. Cluster analysis of various date palm varieties on the basis of 
results of proximate parameters. 
SPSS version 14.1 was used to perform cluster analysis.
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3. Results 
3.1. Moisture and dry matter composition
   The date fruits (Tamar type) were assessed for the 
quantification of proximate parameters such as moisture, 
ash, fibers, dry matter, crude fats, proteins, carbohydrates, 
nitrogen and energy value. A total of 22 different varieties 
of date fruit viz. Fardh, Helali Oman, Manhi, Qush Basrah, 
Handal, Naghal, Qushbu Maan, Qushbu Norenjah, Qush 
Balquan, Qush Jabri, Seedi, Khasab, Khunaizi, Barshi, Qush 
Mamoor, Barni, Azad, Zabad, Khalas, Qush Tabak, Qush 
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Lulu, and Halali Alhasa were collected from various parts 
of Ad Dakhiliyah region, Sultanate of Oman. It was also 
assessed that the change in location of a specific variety 
has any impact on the proximate parameters.
   The moisture content was significantly higher (P<0.05) in 
Qush Tabak. The moisture content in Seedi, Qush Jabrin, 
Helali Oman and Naghal were lesser than Qush Tabak. 
Khasab has significantly lower amount of moisture contents 
as compared to other varieties. The difference in moisture 
content in Khasab was 69.5% lesser than Qush Tabak (Table 
1). The moisture content ranged from 15% to 21% in all the 
different date fruit varieties. The most commonly used 
varieties Fardh and Khalas had no significant difference 
in their moisture contents. Interestingly, it was observed 
that the moisture content in Naghal growing in Bidbid and 
Bahla area were significantly different from each other 
(Table 1). The same variations were also noted with Khasab 
and Fardh collected from Bidbid, Bahla and Adam areas. 
The moisture content in Khalas was not significantly 
different between Bahla and Bidbid. Overall, Khalas, Fardh 
and Khasab have moderate level of moisture contents as 
compared to other varieties.
   In case of dry matter composition, it was significantly 
higher in Khasab and Handal collected from Bahla and Al-
Hamra respectively while Fardh (Bahla), Qushbu Norenjah, 
Khunaizi and Barshi had lesser dry matter as compared 
to the former. However, the Khasab growing in different 
locations had different dry matter compositions. It was 
found significantly higher in the Bahla variety and lower in 
Bidbid. The dry matter composition ranged from 78% to 86% 
in various varieties. Qush Tabak (Al-Hamara), Qush Jabrin 
(Bahla) and Naghal (Bidbid) had significantly lower dry 
matter composition as compared to all other date varieties 
(Table 1). The dry matter composition of Khalas collected 
from Bidbid area was significantly higher than growing in 
Bahla area. Dry matter gradually decreased in Fardh from 
Bahla to Bidbid and Bidbid to Adam (Table 1).
 
3.2. Ash and fiber contents
   The ash content was significantly higher in the date 
fruits of Khalas and Khasab growing in Bidbid area. It was 
followed by Azad, Barshi, Helali Oman, Qushbu Norenjahn, 
Qush LuLu. The ash content ranged from 1.0%-2.0% in 
various varieties growing in different areas. Ash content was 
significantly lower in Qush Jabrin collected from the area 
of Bahla as compared to all varieties of date fruit (Table 1). 
A similar significant lower level of ash was also observed in 
the Khalas collected from Bahla. But interestingly, ash was 
significantly higher in Khalas growing in Bidbid area. 
   In case of fiber composition, it was significantly higher 
in Helali Oman, Handal, Naghal, Barmi, and Azad. The 
fiber composition in the date fruits range from 1.0%-2.5%. 
Qushbu Maan variety of date fruits collected from Bahla 
region had significantly lower fiber composition (Table 1). 
The fiber content in Fardh was almost similar collected 
from different location. The fiber in Khasab was almost 
similar in Bahla and Adam regions but significantly lower 
in Bidbid area. Khalas, collected from Bahla had higher 
fiber composition as compared to Bidbid. Handal, on the 
other hand, had significant fiber composition growing in 
Bahla and Al-Hamra as compared to Bidbid and Adam 
regions.
3.3. Crude fat, protein and carbohydrates analysis
   Fat, carbohydrates and protein form an essential trio for 
maintaining human health and metabolism. Date fruits of 
Khasab and Khalas had significantly higher (P<0.05) fat 
content as compared to other varieties. This was followed 
by Qushbu Norenjahn and Handal growing in the Bahla 
and Bidbid regions. The fat content in various date fruit 
varieties ranged from 0.1% to 0.7%. Handal from Bahla 
and Al-Hamra had significantly lower levels of fats as 
compared to other varieties. However, in contrast, this level 
was significantly higher in the same variety growing in 
Bidbid (Table 1). Fardh had moderate level of fats. However, 
this level also changed with location of the variety. 
   In case of protein contents, it was significantly higher 
in Qush Basrah, Qush Balqu, and Helali Oman date fruit 
varieties growing in Bahla region. Handal, collected from 
Adam region, had also higher protein composition (Table 1). 
Fardh and Naghal of Bidbid region had significantly lower 
protein levels as compared to other date fruit varieties. The 
protein level ranged from 1.8% to 3.8%. The Khasab in Adam 
and Bidbid regions had no significant difference (P<0.05) 
in protein contents while the same was significantly lower 
in Bahla region. The Khalas date fruit variety was also not 
significantly different in protein content in various regions. 
   The nitrogen contents were significantly higher in Qush 
Basrah, which was followed by Helali Oman, Qush Balquan, 
Qush Mamoor, Barshi, and Halali Alhasa (Samail). Naghal 
(Bidbid) had significantly lower level of nitrogen content, 
which ranged from 0.25% to 0.55%. The Khasab (Bidbid) 
had higher nitrogen content as compared to other areas. 
Nitrogen is an essential requirement for plant during 
fruit development as its reduced uptake by the plant can 
impact on amino acid formation and hence this affects 
protein synthesis during fruit ripening. Nitrogen, on the 
other hand, is essential for optimal growth, metabolism 
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and maintenance of human body. Date fruit is ladled with 
numerous minerals including nitrogen.      
   In case of carbohydrates, Khasab and Handal (Al-Hamra) 
had significantly higher contents as compared to other 
varieties of date palm. This level was followed by LuLu, 
Barshi, Fardh (Adam), Khunaizi, Manhi and Fardh (Bahla). 
Helali Oman and Qush Tabak had significantly lower 
level of carbohydrates (Table 1). The Khalas fruit collected 
from Bahla and Bidbid had no significant difference in 
carbohydrates levels as evaluated by Duncan’s multiple 
range test. The carbohydrates content in the date varieties 
ranged between 74.5% and 82.4% collected from different 
locations. 
3.4. Energy values of date fruits
   Besides medicinal values, the date fruit can act as an 
important energy source for human body. The energy 
values (kcal/100 g) were assessed for various date fruit 
varieties collected from different parts of Oman. The results 
showed that the energy values of Khasab growing in Bahla 
region had significantly higher (P<0.05) energy values as 
compared to other varieties (Table 1). This was followed by 
Qushbu Norenjahn, Fardh, and Khalas from Bahla region 
and Khunaizi (Bidbid) and Handal (Al-Hamra). The energy 
values were significantly (P<0.05) lower in Halil Omani 
and Naghal fruits. The energy values ranged from 307.0 to 
345.5 kcal/100 g in all date fruit varieties at same harvesting 
stage. The energy values were directly dependent on the 
dry matter, fats and carbohydrates. Since these three 
proximate parameters were significantly higher in Khasab, 
a higher energy value was revealed from Bahla regions. 
Contrarily, this was not true with the Khasab collected 
from Bidbid and Adam regions suggesting that difference 
in location and climate can antagonistically impact the 
fruit quality and nutritional values. However, this was also 
dependent on the date varieties.      
  
3.5. Antioxidant potential of date’s fruits 
   Due to higher phytochemical constituents of date fruit, 
it also plays an essential role in scavenging the toxic 
radicals through antioxidant formation after oxidative 
stress. Antioxidant analysis, using DPPH radical scavenging 
method, was performed to evaluate the antioxidant activity 
of different date fruit varieties in three different extracts 
Table 1
Proximate analysis of date fruits of various varieties growing in Oman.
Collected region Date fruit varieties Moisture (%) Dry matter (%) Ash (g/100 g) Fats (g/100 g) Nitrogen (g/100 g) Protein (g/100 g) Fiber (g/100 g) CHO (g/100 g) Energy value (kcal/100 g)
Bahla Qushbu Norenjahn 15.342依0.020d 84.657依0.020b 1.923依0.020b 0.705依0.000b 0.504依0.050b 3.151依0.340b 2.402依0.110b 78.876依0.350c 334.064依0.020b
Fardh 15.928依0.030d 84.072依0.030b 1.767依0.090c 0.411依0.010c 0.422依0.020c 2.637依0.170d 1.657依0.060d 79.256依0.270b 330.606依0.450b
Naghal 19.239依0.010b 80.761依0.010d 1.745依0.060c 0.265依0.010e 0.492依0.040c 3.079依0.250b 2.077依0.010c 75.669依0.220d 316.720依0.230e
Manhi 16.181依0.020d 83.819依0.020c 1.466依0.050d 0.032依0.020g 0.485依0.050c 3.035依0.340b 2.097依0.020c 79.285依0.320b 329.337依0.060c
Qush Balquan 18.756依0.020c 81.243依0.020d 1.356依0.120d 0.585依0.000c 0.582依0.060b 3.641依0.410a 1.481依0.070d 75.661依0.560d 321.944依0.520d
Helali Oman 19.406依0.010b 80.594依0.010d 1.891依0.020b 0.271依0.030e 0.569依0.060b 3.557依0.420a 2.632依0.060a 74.873依0.420e 315.235依0.420f
Khasab 12.889依0.010e 87.111依0.010a 1.765依0.030c 0.862依0.000a 0.441依0.050c 2.756依0.330d 2.451依0.110b 81.725依0.310a 345.293依0.360a
Seedi 19.844依0.010b 80.156依0.010d 1.551依0.080d 0.386依0.040d 0.438依0.050c 2.741依0.330d 2.413依0.110b 75.478依0.310d 315.552依0.700f
QushJabrin 20.757依0.010b 79.043依0.010e 0.937依0.010f 0.209依0.010e 0.437依0.060c 2.735依0.420d 2.407依0.120b 75.359依0.430d 313.309依0.410f
Khalas 17.001依0.020d 82.919依0.020c 1.273依0.120e 0.912依0.030a 0.502依0.040b 3.139依0.250b 2.307依0.130 77.594依0.410c        330.745依0.560
QushBasrah 17.351依0.010c 82.649依0.010c 1.481依0.110d 0.115依0.020f 0.605依0.070a 3.783依0.440a 2.006依0.050 77.268依0.460c 324.179依0.840d
QushbuMaan 18.125依0.020c 81.874依0.020d 1.401依0.110d 0.323依0.010e 0.451依0.050c 2.819依0.330c 0.741依0.040e 77.331依0.440c 322.714依0.760d
Handal 16.081依0.010d 83.919依0.010c 1.472依0.090d 0.041依0.000g 0.509依0.060b 3.181依0.420b 2.746依0.080a 79.224依0.380b 327.595依0.320c
Adam Khunaizi 15.753依0.020d 84.246依0.020b 1.527依0.080d 0.254依0.020e 0.481依0.050c 3.001依0.340b 1.618依0.060d 79.464依0.310b 331.214依0.310b
Khasab 16.542依0.010d 83.458依0.010c 1.847依0.040b 0.517依0.000c 0.494依0.070c 3.093依0.430b 2.475依0.090b 78.001依0.490c 328.497依0.430c
QushMamoor 17.516依0.060c 82.483依0.060c 1.548依0.080d 0.381依0.010d 0.557依0.050b 3.283依0.330b 1.917依0.070d 77.071依0.370d 325.235依0.320c
Handal 17.963依0.010c 82.036依0.010c 1.446依0.090d 0.511依0.020c 0.566依0.080b 3.538依0.510a 2.006依0.040c 76.540依0.470d 324.117依0.430d
Barshi 15.262依0.010d 84.737依0.010b 1.805依0.020b 0.006依0.000f 0.526依0.030b 3.291依0.240b 1.936依0.110c 79.634依0.240b 329.438依0.330c
Fardh 16.196依0.000d 81.803依0.000d 1.455依0.110d 0.346依0.030e 0.468依0.040c 2.929依0.250c 1.717依0.090d 79.072依0.220b 330.589依0.420b
Barni 17.501依0.000c 82.499依0.000c 1.765依0.030c 0.268依0.040f 0.473依0.080c 2.961依0.510c 2.621依0.110a 77.502依0.460c 323.342依0.420d
Azad 16.532依0.060d 83.468依0.060c 1.937依0.040b 0.292依0.050f 0.448依0.050c 2.805依0.330c 2.571依0.070a 78.433依0.370c 326.116依0.480c
Bidbid Zabad 17.303依0.000c 82.697依0.000c 1.769依0.040c 0.555依0.040c 0.467依0.060c 2.922依0.420c 2.055依0.050c 77.449依0.470c 325.689依0.250c
Naghal 21.176依0.010a 78.823依0.010e 1.481依0.080d 0.043依0.000g 0.284依0.080e 1.779依0.540e 2.616依0.080a 75.520依0.610d 307.859依0.210f
Fardh 18.875依0.000c 83.124依0.000c 1.497依0.090d  0.133依0.000fg 0.311依0.090d 1.948依0.560e 1.634依0.050d 77.545依0.530c 316.639依0.350e
Handal 18.102依0.000c 81.897依0.000d 1.606依0.060d 0.719依0.020b 0.421依0.050c 2.635依0.340d 1.504依0.080d 76.906依0.400d 324.374依0.480d
Khalas 15.945依0.010d 84.055依0.010b 2.009依0.030a 0.136依0.050e 0.523依0.040b 3.269依0.250b 2.191依0.080c 78.639依0.300c 325.929依0.230c
Khasab 19.884依0.010b 80.115依0.010d 2.001依0.070a 0.312依0.020e 0.526依0.040b 3.287依0.250b 2.171依0.010c 74.514依0.340e 313.354依0.610e
Others QushLuLu (Manah) 15.279依0.000d 84.721依0.000b 1.961依0.030b 0.043依0.010g 0.474依0.030c 2.964依0.210c 2.462依0.090b 79.751依0.200b 328.587依0.290c
Halali Alhasa (Samail) 16.819依0.010d 83.181依0.010c 1.489依0.090d 0.431依0.010d 0.506依0.040b 3.168依0.250b 1.997依0.080c 78.091依0.360d 328.252依0.680c
Al-Hamra Handal 13.104依0.000e 86.895依0.000a 1.358依0.130d 0.063依0.000g 0.485依0.050c 3.033依0.340b 2.518依0.080a 82.440依0.460a 339.931依0.530b
QushTabak 21.656依0.010a 78.344依0.010e 1.445依0.110d 0.315依0.050e 0.467依0.040c 2.919依0.250c 1.396依0.120d 73.662依0.350e 307.704依0.620f
Values are expressed as mean依SE. The different letter in each column shows that the values are significantly different (P<0.05) as performed by the Duncan’s 
multiple range test using statistical analysis software (SAS version 9.0, USA). Each analysis was performed three times with three replicates.
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viz. methanol, ethanol and water. The results showed that 
date fruits were moderate in their activities as compared 
to standard ascorbic acid. The Naghal from Bahla had 
significantly higher antioxidant activity in the methanol 
and water extracts of the fruit as compared to other date 
varieties (Table 2). The same variety collected from Bidbid 
had lower activity than the former one. Handal (Al-Hamra) 
had higher activity of methanol and water fraction while the 
same variety collected from Bidbid, Bahla and Adam had 
lower activities in all three fruit extracts. The antioxidant 
activity ranged between 40% and 86% depending upon the 
type of date and location. The antioxidant activity of other 
date varieties was lower.
Table 2
Antioxidant potential of different extracts of date fruit belonging to various 
date palm varieties.
Collected region Sample name Methanol (%) Water (%) Ethanol (%)
Vit. C (Positive control) 97.70依0.01a 96.60依0.01a 97.20依0.05a
Bahla Qushbu Norenjah 85.70依0.14b 63.80依0.17d 45.40依0.06f
Fardh 72.70依0.21c 64.60依0.10c 74.60依0.07c
Naghal 86.50依0.05b 77.50依0.05b 66.80依0.07d
Manhi 78.20依0.03c 62.40依 0.08d 68.30依0.02c
Qush Balquan 45.90依0.06f 53.30依0.06e 48.80依0.02f
Helali Oman 74.50依0.07c 59.90依0.09d 59.80依0.05e
Khasab 72.02依0.19c 50.70依0.11e 77.90依0.05b
Seedi 57.10依0.09e 61.30依0.04d 46.50依0.04f
Qush Jabri 38.05依0.03g 44.10依0.09f 43.80依0.03f
Khalas 85.90依0.04b 65.30依0.21c 58.20依0.12e
Qush Basrah 75.40依0.07c 65.10依0.07c 44.40依0.05f
Qushbu Maan 62.50依0.12d 65.30依0.06c 68.40依0.03c
Handal 58.40依0.12e 37.60依0.03g  53.60依0.03ef
Adam Khunaizi 88.20依0.03b 63.70依0.05d 66.30依0.13d
Khasab 36.80依0.09g 60.40依0.11d 64.80依0.03d
Qush Mamoor  67.50依0.10d 42.40依0.02f 55.10依0.13e
Handal 71.70依0.12c 44.69依0.05 60.60依0.03d
Barshi 77.50依0.04c 47.10依0.09f 66.10依0.02d
Fardh 68.20依0.05d 73.60依0.04b 77.40依0.03b
Barni 33.40依0.06g 61.60依0.02d  53.40依0.03ef
Azad 62.80依0.02d 57.90依0.06e 56.80依0.01e
Bidbid Zabad 54.60依0.07e 68.10依0.08c 76.40依0.03b
Naghal 68.60依0.08d 51.20依0.13f  51.70依0.13ef
Fardh 64.80依0.06d 66.10依0.05c 67.50依0.03d
Handal 45.30依0.03f 30.40依0.01h 57.60依0.02e
Khalas 31.60依0.15g 58.60依0.09e 36.40依0.05g
Khasab 71.80依0.02c 68.90依0.10c 55.50依0.02e
Other Qush Lulu (Manha) 70.10依0.13c 51.10依0.03e 65.10依0.09d
Halali Alhasa (Samail) 68.90依0.15d 51.40依0.05e  53.70依0.03ef
Al-Hamra Handal 80.70依0.11b 70.90依0.06b 67.60依0.03d
Qush Tabak 57.70依0.08e 42.90依0.03f  53.30依0.03ef
Values are expressed as mean依SE. The different letter(s) in each column 
shows that the values are significantly different (P<0.05) as performed by the 
Duncan’s multiple range test using statistical analysis software (SAS version 
9.0, USA). Each analysis was performed as triplicates.
4. Discussion
   Proximate and nutritional analysis plays an essential role 
to assess the human derived health benefits from various 
food products. We assessed the moisture, carbohydrate, 
fat, crude fibers, ash, protein, dry matter, and energy 
values. There was a reasonable amount of changes in these 
parameters depending upon the location and variety. Ismail 
et al. observed that moisture level range from 20% to 22% 
in Khalas growing in UAE which is higher than the Khalas 
collected from Bahla and Bidbid regions of Oman[25]. This 
difference can be due to the water availability and post-
harvest treatments, but may vary among different locations 
in the same variety as observed in our results and previous 
results[6,25,32,33].
   The same was also observed in case of Khasab growing 
in the areas of Bidbid and Bahla. The ash content reflects 
the composition of total inorganic minerals. Jamil et al. 
performed proximate study on eight different varieties of 
date fruits growing in Pakistan[33]. The results of the study 
showed that the ash content ranged from 1.0% to 2.5% 
which is also in conformity to our findings. A similar study 
performed on same date varieties (like Khalas and Fardh) 
of UAE, showed that ash content ranged from 1.8% to 2.34% 
which is almost similar to our results[25].   
   The dietary fiber can decrease in its content depending 
on the fruit developmental stage. Date fruits are composed 
of soluble and insoluble fibers and are consider important 
in date nutritional values[6]. For example, it can decrease 
from 250 g/kg to 50 g/kg from Kimri to final Tamar stage on 
dry weight basis[34]. Previous reports have also indicated 
the regulation in the fiber composition in different date 
palm varieties. The fiber content can range from 1.7% to 
11% (w/w) depending on the fruit variety and method of 
analysis[6,9,35]. Previously, the dietary fiber composition 
of Fardh, Khasab and Khalas collected from various parts 
of Batinah region, was 6% to 8% of fresh weight[19], which 
are in correlation to our studies on the basis of dry weight. 
Conversely, some of the date varieties can exhibit higher 
fibrous potential as observed in present case. Date variety 
Deglet Noor and Allig have been reported to composed 
14.4% and 18.4% dietary fiber content (dry matter basis) 
respectively[36]. However, this variation is dependent on 
variety of date palm.
   Al-Shahib and Marshall found 0.1% to 0.2% fats in Fardh, 
Khalas, Naghal growing in Suadi Arabia and UAE[35]. 
Similarly, our results are in conformity with the results 
of Al-Hooti et al. who observed similar fats level in five 
different date varieties of UAE[5]. The Deglet Nour and 
Medjool date varieties contained 0.1% to 0.3% of fats in 
fruit[3]. Our results do confirm to the proximate analysis of 
Sulieman et al. who assessed five different Sudanese date 
fruit varieties[37]. The protein content of Fardh growing in 
Bahla and UAE were similar as previously reported[25]. Our 
results showed that the protein level in Khalas growing in 
various regions is higher than that of UAE[25]. This level was 
also higher than that was reported by Sawaya et al. with 
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regards to the date fruits of Saudi Arabia at tamer stage[38]. 
Similarly, eight different date varieties belonging to 
different regions of Pakistan were researched for proximate 
parameters[21]. The results of the study showed that protein 
content ranged from 2% to 2.7% which are lesser than the 
protein contents of some of Omani date varieties. It has 
been estimated that protein content in dates range between 
1% and 3%[6]. In Deglet Nour and Medjool varieties, the 
protein content is 2.45% and 1.8% respectively which is also 
in correlation with some of the Omani date varieties[3]. Our 
study also support a better protein contents in some of the 
Omani varieties as compared to those mentioned by Al-
Shahib and Marshall who reported a range between 1% and 
2.5% (w/w)[35]. The protein content of Fardh and Khalas were 
found higher in our study as compared to the observations 
of Al-Shahib and Marshall for the same varieties growing 
in Saudi Arabia[35].
   Dates containing carbohydrate is mainly reducing sugars 
in the form of glucose, fructose, mannose and maltose 
and non-reducing sugars (primarily sucrose), as well 
as small amounts of polysaccharides such as cellulose 
and starch[35]. Previously, Ali A et al. observed 68.53% to 
75.37% of carbohydrates level in Khasab, Khalas and Fardh 
date flesh collected from Oman[39]. In present study, the 
carbohydrates level in Khasab, Khalas and Fardh was 
more than 76% at tamer stage which is more than previous 
reports. Ismail et al. reported 70%-72% total reducing sugar 
in the Khalas and Fardh dates growing in UAE which is 
lesser than what we found in the date fruits of Oman[25]. 
This further supports that change in location also affect 
proximate contents of date fruits. Similarly, Myhara et 
al. suggested about average 80.6 g/100 g carbohydrates 
contents for the dried date fruits[34]. Al-Shahib and 
Marshall suggested that the carbohydrates level can range 
from 44% to 86% starting from fresh to final tamer stage date 
fruit[35]. This is in correlation with our results.
   Date fruits are an essential part of human diet for 
millions of people around the world. The production has 
considerably increased through conventional breading and 
biotechnological applications. Similarly, to get maximum 
fruit production, various modern techniques have been 
established to maintain date fruit quality. Among others, 
Sultanate of Oman also produces a good amount of date 
fruit while the farmers are growing various varieties. 
Among the most famous, Khalas, Khasab, Khunaizi 
and Fardh, some uncommon date fruit varieties like 
Barshi, Qush LuLu and Handal, also have comparable 
carbohydrate, fat, protein, and dry matter levels. Some 
proximate parameters were significantly higher when 
compared to similar varieties growing in UAE and Saudi 
Arabia. Interestingly, there is a relative difference in 
the proximate parameters of the same verities collected 
from different locations in Oman. Not unexpectedly, the 
proximate analysis of different date fruits varies from one 
to another. This could be attributed to various reasons such 
as method of analysis, availability of water, soil conditions, 
and climatic conditions.
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